A single-center, open-label clinical study was conducted to evaluate the efficacy and safety of NEM ® as a natural treatment for pain and stiffness associated with osteoarthritis of the knee in an Italian population. NEM ® brand eggshell membrane is a unique dietary supplement that contains naturally occurring glycosaminoglycans and proteins essential for maintaining healthy joints and connective tissues. Twenty-five subjects received oral NEM ® , 500 mg once daily for four weeks. The primary outcome measure was to evaluate the mean effectiveness of NEM ® in relieving general pain associated with moderate osteoarthritis of the knee at 10 and 30 days utilizing a 10-question, abbreviated questionnaire based on the WOMAC osteoarthritis questionnaire. Supplementation with NEM ® produced a significant treatment response from baseline at both 10 days and 30 days for composite pain (40.6% reduction, p < 0.001; 66.4% reduction, p < 0.001, respectively). There was also a statistically significant concurrent reduction in analgesic use during the 30-day study period. Additionally, a significant treatment response from baseline was also observed for composite stiffness at both 10 days and 30 days (22.2% reduction, p = 0.009; 59.7% reduction, p < 0.001, respectively). There were no adverse events or serious adverse events reported during the study and the treatment was reported to be well tolerated by study participants. NEM ® is an effective and safe natural therapeutic option for the treatment of both pain and stiffness associated with osteoarthritis of the knee. Supplementation with NEM ® , 500 mg taken once daily, significantly reduced both pain and stiffness rapidly (10 days) and this effect continued to improve through 30 days. There was also a meaningful reduction in the amount of analgesic consumed on a weekly basis, which further enhanced patients' safety.
Introduction
Osteoarthritis (OA) is a degenerative disease primarily affecting the cartilage of articular joints and is frequently accompanied by varying degrees of joint pain and stiffness in afflicted subjects. OA is one of the most common causes of chronic pain in adults 65 and older and often leads to disability as the disease progresses [1] . Estimates of the prevalence of OA in European populations vary widely, however, two recent studies conducted in Italy found the prevalence of knee OA to be 29.8% [2] and 36.7% [3] . The pain associated with these maladies can be quite debilitating and few treatment options exist outside of easing symptoms. This usually involves the use of analgesics (e.g. acetaminophen, hydrocodone) or non-steroidal anti-inflammatory drugs (NSAIDs) (e.g. ibuprofen, celecoxib, etc.), alone or in combination. Most of these treatments have shown limited effectiveness in randomized controlled clinical trials (RCTs) [4] - [6] or are known to have significant and sometimes severe side effects [7] [8] . NEM ® brand eggshell membrane has previously demonstrated good efficacy in relieving joint pain and stiffness in multiple clinical trials in the U.S. [9] [10] and recently in a German population [11] .
Eggshell membrane is primarily composed of fibrous proteins such as Collagen Type I [12] . However, eggshell membranes have also been shown to contain other bioactive components, namely glycosaminoglycans (i.e. dermatan sulfate [13] , chondroitin sulfate [13] , hyaluronic acid [14] , etc). ESM Technologies, LLC (Carthage, MO, USA) has developed methods to efficiently and effectively separate eggshell membrane from eggshells on a commercial metric-ton scale. The isolated membrane is then partially hydrolyzed using a proprietary process and dry-blended to produce NEM ® brand eggshell membrane. Compositional analysis of NEM ® conducted by ESM Technologies has identified a high content of protein and moderate quantities of glucosamine (up to 1% by dry weight), chondroitin sulfate (up to 1%), hyaluronic acid (up to 2%), and collagen (Type I, up to 5%).
The single-center trial reported here was designed to evaluate the efficacy of this natural arthritis treatment in an Italian population and to confirm the results found previously in the U.S. and Germany. Therefore, a 1-month open-label study was conducted at a single clinical site in Italy to evaluate the efficacy and tolerability of NEM ® for the relief of the pain and discomfort associated with osteoarthritis of the knee.
Patients and Methods

Study Design
The study was conducted according to a prospective, single-center, open-label design and was conducted in Italy in accordance with the International Conference on Harmonization guideline for the principles of Good Clinical Practice (ICH E6) and the Declaration of Helsinki. Patients provided their written informed consent to participate. The clinical investigators were not blinded to treatment (open-label). Treatment consisted once daily orally of 500 mg of NEM ® in vegetarian capsules that were stored in closed containers at ambient temperature. Clinic visits were scheduled for subjects at study initiation and at 10 days and 30 days following the onset of treatment. Treatment compliance was checked at clinic visits by patient interview and by counting the number of unused doses of the study medications. Analgesics (i.e. acetaminophen) were allowed for pain relief, as needed. Subjects recorded the time and amount of analgesic taken in patient diaries.
Patients
All subjects 18 years of age or older who were seeking relief of mild to moderate pain due to osteoarthritis of the knee were considered for enrollment in the study. In order to be eligible, subjects must have had moderate persistent pain in the knee associated with osteoarthritis and must have had baseline scores within the range of 4 -7 on questions 1, 2, & 5 dealing with joint pain. Subjects that were currently taking analgesic medications daily, currently taking glucosamine, chondroitin sulfate, MSM, or collagen were ineligible to participate in the study. Patients were excluded if they were currently receiving remission-inducing drugs such as methotrexate or im-munosuppressive medications or had received them within the past 3 months. Other exclusionary criteria were: a known allergy to eggs or egg products, or pregnant or breastfeeding women. Subjects participating in any other research study involving an investigational product (drug, device, or biologic) or a new application of an approved product, within 30 days of screening were also excluded from participating in the trial.
Location of Patients
The majority of patients were enrolled in an area of 50 km around the city of Verona, the capital of the homonymous province, where the Medical center REGENESIS is located, others patients come from different provinces, in particular Trento, Vicenza, Padova and Pordenone. The map below shows the different origins of the patients.
Treatment Response
The primary outcome measure of this study was to evaluate the mean effectiveness of NEM ® in relieving general pain associated with moderate osteoarthritis of the knee (composite score of Questions 1 -8). A composite score was calculated as the sum of the questions of interest. Additional outcome measures were to evaluate general stiffness (composite score of Questions 9 & 10), analgesic use during the study, and non-composite mean results for all 10 individual questions. The primary treatment response endpoints were the 10-and 30-day patient assessments utilizing a 10-question short-form questionnaire (see Figure 1 ) derived from the Western Ontario & McMasters Universities Osteoarthritis Index (WOMAC) questionnaire. Each question included a zero to 10 analog Likert-scale, with zero equating to no pain (or no stiffness) and 10 equating to most severe pain (or most severe stiffness). Patients were asked to mark a number corresponding to the perceived pain (or stiffness) from the affected treatment joint (s). Endpoints were then compared to pretreatment assessments. 
Adverse Events
A secondary objective of this study was to evaluate tolerability and any adverse reactions associated with supplementation with NEM ® . The subjects' self-assessment diaries were reviewed and any discomfort or other adverse events were recorded and reported in accordance with applicable ICH Guidelines. Adverse events and serious adverse events were assessed by the clinical investigator at each study visit and followed until resolution, as necessary. Serious adverse events were required to be reported to the clinical investigator immediately.
Statistical Analysis
As this was an open-label study, a simple single-group sample size estimate [15] was performed for statistical power determination for a continuous variable. In the similar trial with NEM ® conducted in Germany [11] , the mean standard deviation for the study subjects for pain was 1.55 points. We hoped to be able to detect a 1.5 point difference from baseline within the 10-point Likert scale. Therefore a minimum of 18 subjects would need to be enrolled to have a 95% likelihood of detecting the expected improvement with a statistical power of 80%. Post-baseline statistical analyses were done as repeated measures Analysis of Variance (rm-ANOVA). Items found to have statistical significance with rm-ANOVA were then compared using a Wilcoxon test for dependent samples. Statistical significance was accepted at p < 0.05. Analysis of the primary outcome measure (the change from baseline in general pain levels) was conducted in the per protocol population. SPSS Statistics V19.0 was used for all statistical analyses [16] .
Results
Patient recruitment began in May 2014 at a single clinical site in Italy and the final follow-up was conducted in July 2014. A total of twenty-five subjects between the ages of 43 and 81 were enrolled with osteoarthritis of the knee. Of these subjects, twenty (80%) were female and five (20%) were male. Of the twenty-five subjects with knee OA, 10 (40.0%) had bilateral incidence. Patient demographics are reported in Table 1 . All twenty-five subjects completed the one month study per the protocol. Compliance with the study treatment regimen was good.
A clinical comparison of valid subjects was carried out to obtain mean baseline scores for each of the ten questions from the subject questionnaire, as well as the 10-day and 30-day endpoints. Statistical analysis of the primary outcome measure revealed that supplementation with NEM ® produced a significant treatment response from baseline at both 10 days and 30 days for composite pain (40.6% reduction, p < 0.001; 66.4% reduction, p < 0.001, respectively) (see Figure 2(a) ). There was also a statistically significant concurrent reduction in analgesic use during the 30-day study period. At baseline, subjects consumed analgesic slightly less than one day per week on average, and this dropped 78.3% (p = 0.017) to 0.2 days through the 10-day endpoint. All 25 subjects consumed no analgesic through the final 3 weeks of the study (p = 0.003) (see Figure 2(b) ). A significant treatment response from baseline was also observed for composite stiffness at both 10 days and 30 days (22.2% reduction, p = 0.009; 59.7% reduction, p < 0.001, respectively) (see Figure 2(c) ). Supplementation with NEM ® also produced a significant treatment response from baseline after 10 days when replying to Questions 1 -5 & 7 -8 (30.2% to 50.0% improvement) and at 30 days for all eight pain-related questions evaluated (50.9% to 78.9% improvement) (see Table 2 ). Treatment response fell shy of statistical significance for Question 6 at 10 days (p = 0.190). Similarly, a significant treatment response for stiffness was found at 10 days (Question 9) (27.7% improvement) but fell just shy of significance for Question 10 (15.4% improvement, p = 0.069). There was also a significant treatment response at 30 days for both stiffness-related questions (Q9 & Q10) (53.2% & 69.2%, respectively). There were no adverse events or serious adverse events reported during the study and the treatment was reported to be well tolerated by study participants.
Discussion
Osteoarthritis is very common in Italy with about one-third of the population having some form of the disease [2] [3]. This has a large impact on the quality of life of those afflicted with OA [17] . This open-label clinical trial was designed to evaluate the efficacy of NEM ® as a natural arthritis treatment in an Italian population and to further validate the extension of the body of clinical evidence for NEM ® from the United States to the general European population. The study demonstrated that NEM ® is effective and safe for treating both pain and stiffness associated with osteoarthritis of the knee and results in the use of less analgesic medication.
Study subjects experienced relatively rapid (10 days) responses for both composite pain (40.6% improvement) and composite stiffness (22.2% improvement). By the end of the follow-up period (30 days) the mean response for composite pain and stiffness had increased substantially (66.4% improvement & 59.7% improvement, respectively). These results are quite similar to results from previous clinical studies of NEM ® that were conducted in the U.S. [9] [10] and is a somewhat larger effect than what was found recently in a German population [11] . This difference may be a result of a small difference in mean pain at baseline between the two study populations (4.6 compared to 4.9 in Germany). Both studies showed statistically significant treatment effects at 10 days, so this is not too concerning. Study subjects also experienced large improvements in particular aspects of pain when reviewing the individual questions from the short-form questionnaire. For example, at 30 days there was a 75% improvement in pain while at rest (Question 3) and a 79% improvement in pain when putting on socks or pantyhose (Question 8). Likewise, pain when going up and down stairs (Question 2) and pain when getting in and out of a car, bathtub, etc. (Question 6) were both improved by nearly 70%. This broad treatment effect relating to numerous activities of daily living should have a profound impact on the subjects overall quality of life. This should also help them to remain active as they age, which is also important to other aspects of health (i.e. cardiovascular disease, neurodegenerative disease, etc.). The safety profile for NEM ® was again found to be excellent as there were no reports of adverse events or serious adverse events associated with treatment. This was comparable to the clinical trials conducted with NEM ® previously [9] - [11] . No side effects from consuming NEM ® have so far been identified, excluding the obvious egg allergy concern. This is very important in a disease like osteoarthritis that requires long-term treatment. The analgesics and NSAIDs normally used to treat such conditions are known to lead to gastric [7] and cardiovascular [8] complications which can considerably increase mortality in an elderly population.
The trial had a limited enrollment (25 subjects), however no subjects withdrew from the study and there was good treatment compliance. As the trial was also open-label, there is the obvious issue of the placebo effect. The inclusion of a placebo control would have provided greater clinical clarity, however it would have required a substantially larger study population. These limitations are minor when considering the totality of the available clinical evidence for the use of NEM ® in joint and connective tissue disorders.
Conclusion
It is important for patients to have treatment options that are both safe and effective in managing chronic diseases such as osteoarthritis, especially in Italy where about one-third of the population is affected. The reporting of the results from this single-center, open-label clinical study demonstrates that NEM ® brand eggshell membrane is a viable natural treatment option for the management of osteoarthritis of the knee. In this clinical study, NEM ® , 500 mg taken once daily, significantly reduced both composite pain and stiffness rapidly (10 days) and this effect continued to improve through 30 days. There was also a meaningful reduction in the amount of analgesic consumed on a weekly basis, which further enhanced patients' safety.
